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§19. Self-Organization in a High Intensity 
Laser Plasma Interaction 
Nikolic, Lj., Ishiguro, S., Takarnaru, H., Skoric M.M. 
(Vinca Inst., Yugoslavia), Sato, T. 
Self-organization in an intense laser driven 
plasma and the measure of the relative degree of 
order of the states in an open system based on the 
S-theorem [1] are investigated (S stands for the 
entropy). Particle simulations, have a potential 
advantage in exploring far-from-equilibrium pro-
cesses, with a possibility of obtaining detailed in-
formation on particle distribution both in velocity 
and space coordinates for different plasma states. 
Based on the distributio~ function the effective 
Hamiltonian can be constructed [2] and renormal-
ization to the same mean effective energy level can 
be done numerically. 
To illustrate, 1d3v relativistic electromagnetic 
particle-in-cell simulations were used to inves-
tigate different dynamical states of the system 
which consists of two connected under dense 
plasma layers (active and sink layer, densities 
n1 = 0.2ncr and n2 = 0.6ncr respectivly) placed in 
vacuum, excited by an intense laser light (J > 1017 
W /cm2 ). Complex signatures for both wave and 
particle orbits, strong electron heating due to 
stimulated Raman scattering coupled to other rel-
ativistic electron instabilities in the active region, 
as well as the particle and energy exchange are 
strongly influenced by the openness of the active 
region, controlled by the size l 2 of the sink layer. 
These processes are initially marked by strong in-
termittent reflectivity pulsations (Fig. 1) gradu-
ally to be relaxed and suppressed by strong heat-
ing of electrons. However, in some cases (depend-
ing of the length l2) the heating of the sink layer 
leads to the breaking of it's non-activity. The tem-
poral evolution of the entropy 8( t) (Fig. 2) 
8(t) = - {L dx /_
1 
duxf(x, Ux, t) ln f(x, Ux, t) lo -1 
where foL dx f~ 1 duxf(x, Ux, t) = 1, Ux = vxfc, 
is showing correlation between generation of the 
instabilities and creation of the new dynamical 
states (d8/dt > 0). In the steady states when 
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Figure 1: The reflectivity for the system of two 
layers (n1 =0.2ncr, lr = 20c/wo, n2=0.6ncr, l2 = 
40c/ wo) (window). 
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Figure 2: The normalized entropy versus time 
for the one layer system: 81 (n1 = 0.2ncr, lr = 
20c/wo), 82 (n2 = 0.6ncr, l2 = 80c/wo) and the 
system of two layers: 83 (n1 = 0.2ncr, lr = 
20c/wo, n2 = 0.6ncr, l2 = 20c/wo), 84 (n1 = 
0.2ncr, lr = 20c/wo, n2 = 0.6ncr, l2 = 40c/wo), 
8s (n1 = 0.2ncr, lr = 20c/wo, n2 = 0.6ncr, l2 = 
80c/wo). 
the instabilities are saturated the entropy remains 
constant in the course of time evolution ( d8 / dt ~ 
0). Resulting states are characterized by high 
transparency of the plasma system to laser light 
and relativistic far-from-Maxwellian distribution 
function in a longitudinal direction. 
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